Introduction
Brassicaceae, the vascular plant family, consists of 321 genera and 3660 species (Al-Shehbaz, 2012) . The cosmopolitan Brassicaceae family is abundant in the northern hemisphere. Currently, there are 49 recognized Brassicaceae tribes into which more than 90% of the genera have been allocated based on molecular analysis (Warwick et al., 2010) .
A recently published study titled "The Families and Genera of the Vascular Plants" reported that the genus Matthiola is represented by 50 species worldwide, but most of them are found in Eurasia and Africa (Appel and Al-Shehbaz, 2003) .
Matthiola has 10 taxa in the flora of Europe (Ball, 1964) , 6 in the flora of Palestine (Zohary, 1966) , 17 in the flora of Iran (Rechinger, 1968) , and 15 in the flora of the former USSR (Komarov, 1977) . Matthiola has 10 species in Turkey (Mutlu, 2012) . The taxa Matthiola ovatifolia (Boiss.) Boiss. and Matthiola trojana have recently been added to the flora of Turkey (Davis, 1988; Dirmenci et al., 2006) . Molecular methods have an important role in the identification of phylogenetic relationships within Brassicaceae. Molecular phylogenetic studies have contributed significantly to the generic delimitation on this family (Koch, 2003; Koch et al., 2003; Mitchell-Olds et al., 2005; Al-Shehbaz et al., 2006; Beilstein et al., 2006; Warwick et al., 2007; Beilstein et al., 2008; Khosravi et al., 2009; German et al., 2009; JaenMolina et al., 2009; Couvreur et al., 2010; Rasha et al., 2010; Warwick et al., 2010; Doğan et al., 2011) . Although there is an interest in the division of the family into monophyletic tribes , the study of that subject is basically complete (Al-Shehbaz, 2012) .
The morphological revisions of various plant taxa are often found to parallel the molecular data (APG, 2003) .
Unlike morphological data, DNA data are not influenced by the environmental conditions in which the plants have grown, and consequently DNA is a powerful tool in the identification of solutions to taxonomical and systematical problems.
The randomly amplified polymorphic DNA (RAPD) fingerprinting method is widely used and has a wide range of applications (Williams et al., 1990) . However, because RAPD is a highly sensitive method, it should be used with great care. The inter-simple sequence repeat (ISSR) method has much higher levels of reproducibility than RAPD, for which reason it is preferable (Zietkiewicz et al., 1994; Prevost & Wilkinson, 1999; Dogan et al., 2007; Hakki et al., 2010) . The ISSR method is very widely used for the analysis of genetic diversity (Prevost and Wilkinson, 1999) . German et al. (2009) , in their study on members of the Asian Brassicaceae, determined that the tribe Anchonieae is monophyletic. A recent molecular study of Iranian Matthiola species revealed that the genus is not monophyletic but is instead polyphyletic (Khosravi et al., 2009) . Another study reported that Macaronesian Matthiola endemics are of an independent monophyletic origin (Jaen- Molina et al., 2009) .
No molecular study of the Matthiola species present in Turkey has been conducted. This study aims to determine the status of the taxonomically problematic species among the Matthiola species based on the molecular phylogenetic relationships and to characterize the phylogenetic relationships between the Matthiola species and their close relatives.
Materials and methods

Plant materials
Matthiola and the specimens of other genera used in this study were collected from Sivas, İstanbul, Sinop, Niğde, Mardin, Antalya, Bursa, Artvin, Çanakkale, İzmir, Balıkesir, and Van by the authors during the period of 2012-2013 (Figure 1 ). Standard herbarium methods were used to dry the collected specimens. The specimens were marked with collection numbers. The flora that were used in the identification of the plant samples are the Flora of Turkey (Cullen, 1965) , Flora Iranica (Rechinger, 1968) , Flora Europaea (Ball, 1964) , Flora of Iraq (Townsend, 1980) , Flora of the USSR (Komarov, 1977) , Flora Palaestina (Zohary, 1966) , and Flora of Cyprus (Meikle, 1977) . The collected plant specimens are kept at the Yüzüncü Yıl University Faculty of Science and Art, Department of Biology (VANF). The locations of the collected samples and the examined representative specimens can be found in the Appendix. The genera Sterigmostemum, Malcolmia, Strigosella, and Chorispora were chosen as the out-groups.
DNA isolation
DNA was isolated from leaves dried in silica gel and leaves taken from the herbarium materials. The total DNA was obtained from 50-75 mg of dried leaf tissues from 10 different samples. DNA isolation was conducted using the Easy Nucleic Acid Isolation Kit (Omega), and the concentrations were determined using a NanoDrop Spectrophotometer (Thermo Fisher Scientific, USA; Sambrook et al., 1989) . The sample DNA was diluted to 25 ng/µL. Unused DNA samples were kept at -86 °C. 
ISSR amplifications
PCR amplification using ISSR primers (Domenyuk et al., 2002; Galvan et al., 2003) were carried out by means of an Eppendorf Mastercycler Gradient Thermocycler (USA). Each 25-µL PCR reaction consisted of 2.5 µL of PCR buffer (10 mM TRIS/50 mM KCl buffer, pH 8.0), 3 µL of 25 mM MgCl, 0.5 µL of each primer, 0.5 µL of dNTP mix, 0.4 µL of Taq DNA polymerase (Bioron), 4 µL of template DNA, and 14.1 µL of distilled water. Following the predenaturation step at 94 °C for 3 min, amplification reactions were cycled 40 times at 94 °C for 1 min, at the appropriate annealing temperature (Table) for 1 min, and at 72 °C for 1 min. A final extension was carried out at 72 °C for 10 min. After the completion of the reaction, 15-µL aliquots of the PCR products were mixed with 3 µL of loading dye (50% glycerol, 0.25% bromophenol blue, and 0.15% xylene cyanol) and loaded onto a 2% agarose, 1X Tris-borate-EDTA gel and then electrophoresed at 4 V cm -1
. Amplifications were carried out with a minimum of two repetitions (at independent times) for each primer and the same reagents and procedures were used in each repetition. Reactions without template DNA were used as negative controls. The optimal annealing temperature was determined for each primer. The characteristics of the primers are shown in the Table.
Data collection and phylogenetic analysis
The amplified fragments were visualized under a UV transilluminator and photographed using a gel documentation system (Vilbert Lourmat, Germany). All amplified fragments were treated as dominant genetic markers. Each generated DNA band was visually scored as an independent character or locus ('1' for presence and '0' for absence). Qualitative differences in band intensities were not taken into consideration. Each gel was scored in triplicate through independent scorings and only the fragments that received consistent scores were considered for analysis. A rectangular binary data matrix was prepared, and all data analysis was conducted through use of the Numerical Taxonomy System, NTSYSpc version 2.02 (Applied Biostatistics, USA). The similarity coefficient method was used. The unweighted pair-group method with the arithmetic mean (UPGMA) procedure was used for cluster analysis of samples (Rohlf, 1992) . The genetic distances were calculated with the SM coefficient. In order to determine the ability of ISSR data to display the interrelationships among the samples, principle coordinate analysis (PCA) of pairwise genetic distances (Nei, 1972) was also conducted using the NTSYS-pc package.
Results and discussion
An initial screening of 24 ISSR primers revealed that seven primers had high levels of polymorphism. Eightyone highly polymorphic fragments were generated by those primers, which were consistently amplified in the repeated experiments conducted on different dates. The GC percentages of the selected primers ranged from 38.9% to 68.4%. The Table shows the characteristics and the sequences of the primers that best revealed polymorphism. In the overall analysis, it was found that the average number of polymorphic fragments per primer used was roughly 11. ISSR M2 and ISSR F2 banding patterns are represented in Figure 2 . The genetic distances calculated by the SM coefficient ranged from 0.54 to 0.97. Four genera and 10 species were determined as a result of the analysis of the scored ISSR bands. The dendrogram based on the ISSR bands showed two major clades, one of which contained Matthiola, while the other contained the out-groups (Sterigmostemum, Strigosella, Malcolmia, and Chorispora) (Figure 3) . The genera Malcolmia and Chorispora were found to be phylogenetically highly similar. A correlation was detected between the morphologically diagnostic characters and the molecular taxonomic classification. The differences among the closely related species became apparent in the results of PCA (Figure 4) . Table. ISSR primers used in this study and their specifications (Domenyuk et al., 2002; Galvan et al., 2003 The Matthiola species were located in the same clade, while the other species were placed in a separate clade on the phylogenetic dendrogram. The Sterigmostemum and Chorispora genera, which were selected as out-groups, typically have multicellular glands and are found in various genera of the Brassicaceae family. Given that Malcolmia species have dendroid hairs, it is not surprising that they are phylogenetically close.
Comparing the identification key and the molecular dendrogram of the genus Matthiola in the flora of Turkey, the species Matthiola anchoniifolia and M. incana, the fruit of which is flat and has no horn at the tip, were found to be morphologically similar and also close in the molecular dendrogram. In the other group with horned and terete fruits, Matthiola longipetala formed one group while M. fruticulosa, M. trojana, and M. tricuspidata formed another. Matthiola longipetala subsp. longipetala and M. longipetala subsp. bicornis, which were very difficult to separate in our collection of plant samples, were very closely located on the dendrogram. Moreover, those two subspecies are not geographically isolated, as is the case with the third geographical subspecies M. longipetala subsp. pumilio. In another molecular study on Matthiola, M. longipetala subsp. viridis was clearly separate from M. longipetala subsp. pumilio and M. longipetala subsp. bicornis (Jaen-Molina et al., 2009) .
Matthiola montana was clearly separate from the remainder of the genus. This separation, based on molecular data, is consistent with its morphological separation, which is in turn based on the fact that its fruit hairless. Matthiola odoratissima and M. ovatifolia are morphologically very similar to one another. According to the molecular data obtained from this study, these two taxa are separate but very closely related species. The specimen given as Matthiola sp. is believed to be a new species that is closely related to the aforementioned two taxa. This specimen, collected from the Van district, is morphologically different from Matthiola ovatifolia and molecularly separated on the dendrogram.
Our study placed Matthiola fruticulosa within the same clade as the M. longipetala complex, while, in another study, it was similarly located in the same clade and the two were closely located within the genus (Jaen- Molina et al., 2009) .
Matthiola incana is the most studied Matthiola species in the scientific literature worldwide. It is morphologically similar to Matthiola anchoniifolia. These two are also located morphologically close on the dendrogram. In another study, the species M. incana was shown to be closely related to M. sinuata (Jaen-Molina et al., 2009) . Matthiola trojana is an endemic species that was introduced to the world of science a few years ago (Dirmenci et al., 2006) . It is molecularly close to the species Matthiola fruticulosa, which is also morphologically perennial and has horns.
The Turkish Matthiola taxa were evaluated as monophyletic in the dendrogram examination. However, the Iranian Matthiola taxa were reported as polyphyletic (Khosravi et al., 2009) . In another study, the Anchoniaeae tribe, which contains some Asian Matthiola taxa, was reported to be monophyletic (German et al., 2009) . The study by Warwick et al. (2010) reported that the Anchonieae tribe, which includes the Matthiola genus, is monophyletic.
In conclusion, the morphologically close taxa were, in the molecular aspect, also located in the same clade. The genera used as out-groups (Sterigmostemum, Strigosella, Malcolmia, and Chorispora) were clearly separate from the genus Matthiola. In another study, the genus Chorispora was determined as the closest out-group (Jaen-Molina et al., 2009). 
